Three hundred and eighty-four day-old Ross broiler chicks were used in a completely randomized experimental design with 4×2 factorial arrangements using four rapeseed meal (RSM) levels with and without a multi-enzyme preparation. RSM levels included: A: control (without RSM); B: 5, 10 and 15%; C: 10, 15 and 20%; D: 15, 20 and 25% RSM in starter, grower and fi nisher periods, respectively. Body weight gain and feed conversion ratio in treatments B and C were similar to controls, but in treatment D, weight gain decreased and FCR increased (P<0.05). Feed intake of broilers was not affected by different levels of RSM (P>0.05). Enzyme supplementation had no signifi cant effect (P>0.05) on growth performance but resulted in a signifi cant increase in ileal digestibility of protein (P<0.05). Feeding high levels of RSM (Treatment D) signifi cantly increased liver and gizzard weights and decreased abdominal fat (P<0.05).
INTRODUCTION
Rapeseed meal (RSM), called also canola meal (CM) , is used as a protein supplement in feeding livestock and poultry. RSM has a protein content about 35-40% and a physiologically suitable amino acid combination, but the digestibility of some amino acids is lower than in soyabean meal (SBM) (Roth-Maier et al., 2004) . Different replacement levels of SBM with RSM have been suggested by researchers (Janjecic et al., 2002; Mushtaq et al., 2007; Tripathi and Mishra, 2007) . However, RSM contains nutritionally unfavourable substances such as glucosinolates, sinapin, tannin and phytate, indigestible oligosaccharides, and non-starch polysaccharides (NSP) (Kocher et al., 2000) .
In cereal grains, such as wheat and barley, high concentrations of soluble NSP raise digesta viscosity, leading to reduced starch, lipid and protein digestion. The presence of NSP may adversely affect the performance of broiler chickens fed high levels of RSM. However, the addition of commercial enzyme products to wheat-or barley-based broiler diets generally results in a signifi cant improvement in performance and protein digestibility (Annison and Choct, 1991) .There is only limited information available on the anti-nutritive effects of RSM and the ability of commercial enzyme products to degrade these components. The addition of a commercial enzyme cocktail that is high in polygalacturonase to a laying hen diet containing 40% CM resulted in a signifi cant increase in NSP digestibility (Slominski and Campbell, 1990) ; however, those researchers made no reference to any improvement in laying performance or egg production. reported that addition of a multicarbohydrase enzyme supplement to a broiler diet based on wheat, SBM and CM resulted in signifi cant improvement in protein, starch and NSP digestibility and, consequently, improved growth performance.
The current study investigated the effects of cumulative levels of RSM with or without a commercial multi-enzyme preparation on the performance and crude protein digestibility of broiler chicks.
MATERIAL AND METHODS

Birds and diets
RSM was purchased from a local oil extraction company. The protein content was 37%, that of glucosinolates, 8.3 µmol/g, determined by the HPLC method described by Kaushik and Agnihotri (1999) . In total, 384 day-old Ross 308 female broiler chicks were randomly assigned to 8 dietary treatments in 32 pens with 4 replicates in a completely randomized design with 4 × 2 factorial arrangements with four RSM levels and two enzyme levels. RSM levels included: A: control (0% RSM ); B: 5, 10 and 15 % RSM; C: 10, 15 and 20% RSM and D: 15, 20 and 25% RSM, in starter, grower and fi nisher diets, respectively. These levels of RSM were used with or without (1 g/kg) multi-enzyme preparation. The commercial multi-enzyme contained; U/gm: phytase 2500, cellulase 5000, xylanase 1000, β-glucanase 2500, amylase 10000, lipase 2500 and protease 2500, according to the producer's declaration. Diets were formulated to be isocaloric and isonitrogenous in the starter (0-11 d), grower (11-28 d) and fi nisher periods (28-42 d) and to meet bird requirements according to the recommendations of the Ross Broiler Manual (2002) ( Table 1 ). All diets were formulated to have at least the same level of digestible lysine and methionine + cysteine as the control treatment, using digestibility as reported by NRC (1994) . All diets were fed in mash form throughout the 6-week experimental period. The birds had free access to water and feed and were maintained under continuous light. The environmental temperature in the house was initially established at 32ºC and was gradually reduced to 22 o C by week 6.
Sample collection
Body weight and feed intake were monitored at 11, 28 and 42 days of age, using pens as the experimental units. Before weighing, the birds were fasted for 4 h. Mean body weight, feed intake and feed conversion ratio were used to determine growth performance. At 42 d, two birds, close to pen mean body weight, from each pen were individually weighed, slaughtered, and weights of the heart, liver, pancreas, gizzard and abdominal fat were determined.
In order to determine the protein digestibility of diets, 3 g/kg chromic oxide were added to the diet for 5 days and on days 42, two birds were randomly selected from each replicate and killed by cervical dislocation. The contents of the ileum (from Meckel's diverticulum to 1 cm above the ileo-caecal junction) were collected. The ileal digesta samples were frozen, freeze dried, ground, and analysed for nitrogen, and chromic oxide to determine protein digestibility.
Chemical analysis
Feed and ileal digesta samples were analysed for chromic oxide using the procedure described by Fenton and Fenton (1979) . Nitrogen was determined by the Kjeldahl method and the protein contents were calculated using the multiplication factor of 6.25. The following equation was used for the calculation of ileal nitrogen digestibility: 
Statistical analysis
Data were analysed using the general linear model procedure of SAS (1997). Signifi cant differences (P<0.05) among treatment means were determined using Duncan's new multiple range test.
RESULTS
Growth performance results of broiler chicks fed different levels of RSM with or without multi-enzyme supplementation measured over a 6-wk period are presented in Table 2 . Body weight gain and feed conversion ratio of broiler chickens were signifi cantly (P<0.05) affected by different levels of RSM in diets. Body weight gain and FCR in treatments B and C were similar to the control, but broilers fed high levels of RSM (Treatment D) had lower body weight gain than others. Feeding high levels of RSM (Treatment D) resulted in a higher FCR (P<0.05). Different levels of RSM had no signifi cant effect on feed intake by broiler chickens.
Enzyme supplementation had no signifi cant effect (P>0.05) on growth performance of broilers. Protein digestibility of diets decreased signifi cantly (P<0.01) by increasing levels of RSM in diets (Table 2 ). Enzyme supplementation resulted in a signifi cant increase in ileal digestibility of protein (P<0.05). The addition of the multi-enzyme preparation improved protein digestibility for all the diets (control and RSM diets).
The effects of different levels of RSM and enzyme supplementation on carcass characteristics of broiler chicks are shown in Table 3 . Abdominal fat, liver and gizzard weight were signifi cantly affected by different levels of RSM in 
DISCUSSION
The present study demonstrates that inclusion of RSM up to 10, 15 and 20% in the starter, grower and fi nisher periods, respectively, had no adverse effects on body weight gain or feed conversion ratio. Nevertheless, higher inclusion levels than in treatment D seem not to be suitable for broiler chickens ( Table  2 ). The adverse effects of high levels of RSM could be attributed to the amino acid balance of the diet. The reduction of body weight gain may be related to the lysine-arginine imbalance in higher levels of RSM in diets (Roth-Maier et al., 2004) . The use of large amounts of RSM is limited because of the lower energy and higher fi bre contents compared with SBM. The crude fi bre content of RSM negatively affected the AMEn value for broiler chickens (Chibowska et al., 2000) . These fi ndings are in agreement with those showing that the inclusion of high levels of CM in broiler diets have adverse effects on broiler chickens performance (Tripathi and Mishra, 2007) . Mushtaq et al. (2007) demonstrated that broiler body weight gain was signifi cantly reduced when 30% CM was added to the diets during the starter period. Ahmad et al. (2007) reported that CM can be used as up to 20% of the starter and fi nisher diets without having any adverse effects on broiler performance. Janjecic et al. (2002) observed in an experiment on broiler chickens that inclusion of low-glucosinolate-and low-erucic acid-RSM up to 20% of the diet did not affect liveweight compared with chickens fed on SBM; feed effi ciency was also not infl uenced by RSM. The differing results may be related to higher levels of glucosinolate in the meals.
In the present study, feed intake of broilers was not affected by different levels of RSM (Table 2 ). In agreement with our results, Taraz et al. (2006) found that even complete replacement of SBM with RSM did not affect the feed intake of broilers in the starter and fi nisher periods. Ahmad et al. (2007) found, however, that feed intake during the starter phase decreased linearly as the dietary CM level (10, 15 and 20%) increased. One of the reasons for feed intake reduction with RSM diets is glucosinolates. The glucosinolate content of the RSM used in the present study was low (8.3 µmol/g). Diet palatability can be adversely affected by the glucosinolates of RSM (Mawson et al., 1993) , although the infl uence of fl avour on feed intake is less important for poultry than other livestock because the senses of taste and smell among birds are less developed in comparison with other species.
In this experiment, addition of the multi-enzyme supplement did not affect growth performance but improved protein digestibility in broiler chickens (Table 3) . Similarly, Mushtaq et al. (2007) reported that addition of xylanase and β-glucanase to diets containing 20 and 30% CM had no signifi cant effect on feed intake, body weight gain, or feed conversion in broilers. Addition of a multicarbohydrase enzyme supplement to a broiler diet based on wheat, SBM and CM resulted in a signifi cant improvement in digestibility of protein, starch and NSP . Kocher et al. (2000) reported that addition of different enzyme preparations to CM-based diets did not alter ileal protein digestibility. The addition of the multicarbohydrase supplement of cell wall-degrading enzymes did not affect performance of broiler chickens fed diets containing maize-SBM or maize-CM .
The present study demonstrated that inclusion of high levels of RSM decreased abdominal fat and increased liver weight (Table 3) . Reduction in abdominal fat content has been observed previously (Janjecic et al., 2002) and may be related to reduction of serum T 3 . T 3 not only induces intracellular lipid accumulation and various adipocyte specifi c markers such as malic enzyme and glycerophosphate dehydrogenase, but also stimulates adipocyte cell proliferation and fat cell cluster formation (Yen, 2001) . Therefore reduction of serum T 3 may decrease the content of abdominal fat. Increasing the ratio of liver weight to live body weight of chickens by RSM has been frequently reported (Kaminska et al., 2000; Janjecic et al., 2002) . Hypertrophy of the liver in chickens fed on RSM was probably a consequence of the toxic effects of the hydrolytic products of glucosinolates and may be related to changes in the thyroid. Kahl et al. (2002) showed that changes in the thyroid alter liver size in chickens. Some changes in liver enzymes such as aspartate transaminase, lactate dehydrogenase and alkaline dehydrogenase in the plasma of layers and broilers fed RSM have been reported (Pearson et al., 1983) . In the present study, carcass characteristics were not affected by enzyme supplementation. Also Mushtaq et al. (2007) reported that the addition of enzymes had no signifi cant effect on carcass characteristics of broilers fed different levels of RSM.
CONCLUSIONS
In conclusion, the present study demonstrated that rapeseed meal (RSM) could be used in broiler diets at levels of 10, 15 and 20% in the starter, grower and fi nisher periods, respectively, but higher levels can impair performance. The addition of a multi-enzyme preparation to diets containing RSM improved protein digestibility but did not affect growth performance of broiler chickens.
